The pathogenesis of the polyQ expansion on htt function is poorly understood. A loss of function is unlikely, as heterozygous and homozygous patients with the mu- 
and behavioral deficits of HD. More importantly, we demonstrate that the progression of the HD-like pathology is dependent upon continuous expression of the polyQ-htt. Furthermore, we find that abolishing expression of the mutant protein not only halts progression of the disease, but can reverse aggregate formation and progressive motor decline.
Results

Mouse Design
The tet-regulated system has been used for conditional expression in eukaryotic cell systems and mice (Furth et al., 1994; Kistner et al., 1996; Mayford et al., 1996; Freundlieb et al., 1997). Regulation of the system is achieved through the tetracycline-regulated transactivator (tTA), a fusion protein between the tet-repressor binding domain and a VP16 activation domain (Gossen and Bujard, 1992). This protein binds specifically to the tetO operator and induces transcription from an adjacent CMV minimal promoter. The combination of both tTA and the tetO elements allows for continual expression of a given transgene. Tetracycline and its analogs can bind to tTA. When this happens, tTA is prevented from binding to tetO and transcription is inhibitted.
We generated transgenic mice carrying the bidirectional tetO responsive promoter (Baron et al., 1995) followed by both a chimeric mouse/human exon 1 with 2C and not shown). Expression also tively express both transgenes ( Figure 1B ). This expreswas found to a lesser extent in amygdala and hypothalasion, however, can be abolished in the presence of doxymus, while no expression was detected in the cerebelcycline (dox). lum (data not shown). The lacZ expression patterns apHeterozygote crosses between BiTetO and CamKII␣-peared similar to those obtained from crosses between tTA mice did not yield the expected frequency of 25% the CamKII␣-tTA lines and other tetO reporter lines for each genotype (wt, BiTetO, tTA, and HD94). The (Ghavami et al., 1999). Single transgenic BiTetO mice HD94 mice were underrepresented (6%), because of showed no staining in any region (Figure 2A) , thus dema perinatal lethality probably due to expression of the onstrating that the CMV minimal promoters remained polyQ-htt. In order to ensure that expression of the silent in the absence of the tTA protein. polyQ-htt was postnatal, pregnant mice were given dox Analysis of the expression of polyQ-htt was performed (2 mg/ml) in their drinking water ad libitum beginning at with an antibody raised against an N-terminal sequence E15. After birth, the dox solution was removed. The of htt, which recognizes the native protein as well as prenatal dox administration allowed for a Mendelian disthe aggregates characteristic of the mutant protein (Datribution of the four genotypes. All mice in this study vies et al., 1997; Scherzinger et al., 1997). Eight-weekthus received dox from E15 to P0. Crosses with both old wt (n ϭ 4), single transgenics BiTetO (n ϭ 3) and tTA-expressing lines, CamKII␣-tTA line E and B, proCamKII␣-tTA (n ϭ 3), and double transgenic HD94 (n ϭ duced similar results. 4) mice were examined. Increased immunoreactivity was found in HD94 mice in the striatum, cortex, hippocamExpression of polyQ-htt pus ( Figures 2E and 2F) , and all other lacZ-positive reLacZ was used to assess the expression pattern and gions (data not shown). Similarly, regions that were lacZ effectiveness of this conditional system (Figures 2 and negative exhibited no increased staining for the polyQ-5). In the adult brain of double transgenic HD94 mice htt, as was the case for the wt and single transgenic controls ( Figure 2D ). four weeks of age and older, a high level of lacZ staining week-old HD94 mice, two differences were immediately arrow; and 2J) and, to a lesser extent, extranuclear agapparent. First, the HD94 brains were smaller than their gregates ( Figure 2H , open arrow) were also found. The age-matched controls ( Figures 3A and 3B ). Second, a immunoreacitivity seen in the cortex was similar to the decrease in striatal size accompanied by a gross enstriatum. However, the occurrence of extranuclear aggregates was much more frequent ( Figure 2I ). These largement of the ventricles was evident. Nissl staining A decrease in D1 receptors has been described in HD field paradigm at 8 weeks demonstrated no difference in total locomotion (data not shown). Nonetheless, by patients (Turjanski et al., 1995). We therefore assessed the levels of these dopamine receptors using an autora-36 weeks, HD94 mice were clearly hypoactive, and remained so until death. Adult HD94 mice were fertile, but diographic binding assay with [ 
to fewer diffuse nuclear stainings and small extranuclear aggregates (data not shown).
A quantitative neuopathological determination revealed a clear arrest of neuropathology in the gene-off was assessed. At 18 weeks, 39.9% of the striatal neurons were positive for nuclear htt while at 34 weeks, the mice. Compared to controls, striatal area was significantly smaller in 18-week-old HD94 mice and showed value increased to 60.0%. In sharp contrast to the geneon HD94 mice, less than 1% of the striatal neurons a further significant decrease at 34 weeks ( Figure 6A ). On the other hand, gene-off mice did not show further from the gene-off HD94 mice demonstrated nuclear htt ( Figures 5C and 5D) . A similarly drastic reduction was reduction in striatal size while treated with dox. At 34 weeks, the striatal size of these gene-off mice was significantly larger than the striatal size of 34 week gene-on mice, and not significantly different from 18-week-old mice. GFAP-positive astrocytes were also counted (Figure 6B) . While the number of reactive astrocytes increased in the gene-on HD94 mice, the number significantly decreased in the gene-off mice. As a result, the number of astrocytes in the gene-off mice was intermediate between 18-week-old HD94 mice and control. A change in the D1 receptor level was also seen. By 18 weeks, D1 receptor levels were significantly lower in HD94 than in control animals, and the levels continued to decrease over time ( Figure 6C ). Shutting off expression of the polyQ-htt halted this progressive loss. The receptor levels in the gene-off HD94 mice were higher than the age-matched gene-on HD94 mice, but did not significantly differ from the levels obtained in 18-weekold HD94 brains.
Reversal of the Motor Dysfunction
Shutting off expression of the mutant transgene produced significant changes in the neuropathological phenotype of the HD94 mice. We therefore examined the progressive clasping phenotype in mice after the gene- were significantly impaired at this task and failed to hypothesized that the change in volume can be attribmaintain their balance, gene-off HD94 mice regained uted to a reduction in either cell size or in extracellular their ability to maintain their balance on the rotarod and matrix. In the HD94 mice, it is possible that similar mechwere indistinguishable from control. We are currently anisms are applicable.
investigating potential physiologic changes that may unOur main intent was to determine if constant expresderlie recovery by using cellular recording and more sion of the polyQ-htt is necessary for the progression global measurements, such as 2-deoxyglucose and PET of the various phenotypes. We therefore shut down exscans, before and after turning gene expression off. pression of the transgene at an age when HD94 there is a decrease of the toxic insult exerted by the the neurological dysfunction in mice transgenic for the HD mutation.
